Effects of ximelagatran, an oral direct thrombin inhibitor, r-hirudin and enoxaparin on thrombin generation and platelet activation in healthy male subjects.
The effects of ximelagatran, an oral direct thrombin inhibitor (DTI), recombinant hirudin (r-hirudin) and enoxaparin on thrombin generation and platelet activation were studied in humans. Recombinant hirudin (parenteral DTI) and enoxaparin (low molecular weight heparin) have been demonstrated to be clinically effective in acute coronary syndromes. Ximelagatran is currently under investigation for the prevention and treatment of thromboembolism. The shed blood model allows for the study of thrombin generation and platelet activation in humans in vivo. This was an open-label, parallel-group study involving 120 healthy male volunteers randomized to receive one of three oral doses of ximelagatran (15, 30 or 60 mg), r-hirudin (intravenous) or enoxaparin (subcutaneous) at doses demonstrated to be clinically effective in acute coronary syndromes, or to serve as a control. Thrombin generation (prothrombin fragment 1+2 [F1+2] and thrombin-antithrombin complex [TAT]) and platelet activation (beta-thromboglobulin [beta-TG]) biomarkers were studied using a shed blood model involving blood collection from skin incisions made using standardized bleeding time devices. Oral ximelagatran, intravenous r-hirudin and subcutaneous enoxaparin rapidly and significantly (p < 0.05) decreased F1+2, TAT and beta-TG levels in shed blood, indicating inhibition of thrombin generation and platelet activation. Statistically significant concentration (melagatran, the active form of ximelagatran)-response relationships for F1+2 (p = 0.005), TAT (p = 0.005) and beta-TG (p < 0.001) levels, with IC(50)s of 0.376 (F1+2), 0.163 (TAT) and 0.115 (beta-TG) micromol/l, were detected. Melagatran showed dose-proportional pharmacokinetics with low variability. All drugs were well tolerated. Oral administration of the DTI ximelagatran resulted in a rapid inhibition of both thrombin generation and platelet activation in a concentration-dependent manner using a human shed blood model. The inhibition of thrombin generation by 60 mg ximelagatran was comparable to that observed with doses of r-hirudin and enoxaparin demonstrated to be effective for the treatment of acute coronary syndromes.